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Figure 6. Effect of scale up of synthesis on yields of the reaction 
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ure 7. Comparison of % of PGMs recovered during back extraction experiments 
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Figure 8, Comparison of efficiency of diquats in multiple extractions 
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Figure 9. Efficiency of DQ 13C1 in continuous Pd extractions 
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Figure 10. Concentration of Pd back-extracted in HCI 




Figure 11. Selectivity of diquats towards extractability of PGMs from base metals 
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Figure 12. Synthetic scheme for synthesis of new diquateraary amine compounds 




Figure 13. Longer side chain substitution increases PGM extraction efficiency 
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Figure 14. Material Balance Investigation of PGM's 
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Figure 15, Binding Capacities of different diquats 
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Figure 16. 13-C1 and 14-C1 outperform 17-C1 and 18-C1 and 
continue to extract a majority of PGMs at low concentrations. 




Figure 17. 13-C1 and 14-C1 continue to extract over 90% of PGM's 



in multiple extractions 
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Figure 18. HC1 can be reused effectively for multiple back extractions 




Schematic diagram of electro deposition 
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Figure 21 . Structures of the Synthesized Diquats. 
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COMPLETE DQ Scanning for Solid-Liquid EXTRACTION 
(~2000ppm Soup Solution in Aqua Regia) 
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Figure 22. Selective PGM Extraction by Diquats 
using Solid-Liquid Extraction Process 
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Solid-Liquid Back Extraction using 12M HCI 
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Figure 23. 12M HCI can be used for Back-Extraction of PGMs 
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Kinetics of Solid-Liquid Extraction of PGMs 
with Diquats 
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Figure 24. The PGMs removal efficiency becomes steady in an hour. 



Effect of Molarity of Acid on Solid-Liquid 
Extraction for Platinum 



> 



E 



(0 










P$H 




' 

Mm 
- ■ 

' . : >.' .•' . 






• 

MM 


I-;-.-;;-;-.-;-; vivJ 








Molartiyof HCI 



ure 25. The effect of molarity on solid-liquid extraction is in investigation. 
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Effect of particle size on Pt absorption 
onto diquat powder 
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Figure 26. Since smaller particles have more relative surface area, fine particles removed 
more platinum. Customers can choose a particle size compromising the backpressure and 
PGM removal efficiency in their systems. 



Effect of surface area on Pt removal 
in solid-liquid extraction 
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Figure 27. Total surface area=totaI mass/diameter of a particle. There is a linear 
relationship between the total surface area and platinum removal efficiency. 
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Effect of the Mass of Diquats on Pt Removal 
[particle size: 250~354[im] 
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Figure 28. The efficiency of solid-liquid extraction decreased by adding more absorbents 
in case of DQ 11-CI and DQ 17-CI. The efficiency was reasonably increasing with DQ 
C18-HyPip according to the ratio between the diquat and platinum. 



Pt removal by polystyrene beads 
coated with diquats 
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Figure 29. Diquat-coated polystyrene beads successfully removed 
platinum ions from the aqueous solution. 



